The relationship between habitats and the ichthyofauna composition in the Parque Nacional das Emas (PNE) and adjacent areas (the Araguaia and Sucuriú rivers) are provided and could be applied in determining the Park's future zoning. Samples of the ichthyofauna and limnological parameters were obtained during both dry (September 1999) and wet (December 1999) seasons. Ichthyofauna collections resulted in the capture of 4,740 specimens of 22 species. The most abundant species in the Araguaia River during the two sampling seasons were Astyanax sp. 2 and Hasemania sp. In the Sucuriú River and PNE, Astyanax scabripinnis cf. paranae and Hoplias aff. malabaricus were the most frequent species. The largest number of species and diversity index were recorded for the Araguaia River. However, sound management policies require more detailed studies on the fish communities of the Cerrado biome.
INTRODUCTION
The cerrado of central Brazil covers two million square kilometers and makes up the second largest bioma in South America (Troppmair, 1995) . Since Brazil's agricultural frontiers are still expanding in a central-western direction, the present cerrado is highly fragmented, with its original area reduced to about 20% (Myers et al., 2000) . The headwaters of the main hydrographic basins of the Brazilian central plateau are in the cerrado region. But in recent years, they have been highly modified by gold prospection, dam construction (Menezes, 1994) , agricultural activities, and deforestation. Although the Emas National Park (PNE) is a legally protected area, it is not completely free of anthropic alteration wrought by mechanized agriculture and intensive use of toxic product in soybean and corn plantations.
The Eletrobrás Expansion Plan 1999-2008 aims at the construction of two hydroelectric plants, Itumirim on the Correntes River, Paranaíba basin and Couto Magalhães on the Araguaia River, both directly affecting the headwaters of the rivers surrounding the Park. At present, it is impossible to foresee how those impacts and other environmental changes may affect the fish assemblages. This is partly due to scanty knowledge of their diversity. Although PNE is reported to have exuberant vertebrate fauna, the ichthyofauna has up to now been poorly surveyed.
Headwater regions are known to have low fish densities and high endemism, and therefore are very relevant biologically. For purposes of historical reconstruction, fish, especially endemic species, are highly informative organisms (Caramaschi, 1993) . Our research aims to report on the relationship between habitats and the ichthyofauna composition in PNE and adjacent region. This information could be applied in determining future park zoning, which is essential in park management and in elaborating strategies for conscientious use of environmental resources.
MATERIAL AND METHODS
The Emas National Park (PNE), which has about 133,000 ha, is located in the southwestern region of the State of Goiás, Brazil, bordering the states of Mato Grosso and Mato Grosso do Sul. The main biome of the PNE is cerrado, which is subdivided into riparian vegetation, humid fields, shrub-and grasscovered areas and veredas (Ribeiro & Walter, 1998) . Climate includes a very dry season from April to September with temperatures sometimes reaching below 0°C, and a rainy season from October to March, with temperatures up to 40°C. Intensive agricultural activities surround the perimeter of PNE. Within these highly exploited areas are the headwaters of some of the main hydrographic basins, such as Taquari (Paraguay River Basin), Araguaia (Tocantins River Basin) and the tributaries of the Paranaíba (the Sucuriú, Jacuba, and Formoso rivers).
Five sampling sites were established in the PNE station: Formoso River (FORM), Jacuba River (JACU), Capivara River (CAPI), and the Água Ruim (RUIM) and Buriti Torto (BURI) streams. Two other stations were established at the headwater of the rivers adjacent to the Park, SUC on the Sucuriú River, with only one site (SUCU), and the Araguaia River (ARA) with two sites: Assentamento (ASSE) and Cabeceira (CABE) ( Table 1) .
Limnological parameters and ichthyofauna samples were obtained during the dry (September 1999) and wet (December 1999) seasons. However, the ASSE site was only sampled during the wet season and the abiotic parameters of the RUIM site were collected only during this period. Fishing apparatus, used at dawn and at dusk, consisted of gill nets with different mesh types (1.5 to 10 cm), double stick neck (25 m), seines, sieves, and baited traps. Underwater observation where also performed to assume that all non-cryptic species where collected.
Limnological parameters of water temperature, pH, electrical conductivity, dissolved oxygen, and water transparence were taken at dawn. At the stations, information like geographic positions, depth, substrate, current speed, and vegetation type were taken when the fishing apparatus were installed.
Fish samples were grouped according to stations (PNE, SUC, and ARA), collection sites, and sampling seasons. Spatial and temporal analysis of ichthyofauna diversity were done using Shannon-Wiener diversity index (Pielou, 1975) : H' = -Σ (ni/N) x log 2 (ni/N), where ni = number of individuals of species i, and N = total number of captured individuals. Equitability (E) was obtained by H'/H' max , where H' max = log 2 S; species richness (S) consisted of the number of species in a sampling unit.
Station ordination based on species composition and abundance was analyzed using principal components analysis (PCA). Correlation between principal components and environmental variables (water temperature, pH, dissolved oxygen, and water transparence) was determined by multiple regression between axis stores (E) and environmental variables (V) (Zar, 1974) : E = b0 + b1V1 + b2V2.
RESULTS
During the dry period, maximum water temperature and pH were registered at the headwaters of the Araguaia River whereas the highest concen-trations of dissolved oxygen were reported for JACU and SUCU. Water transparence reached its highest valvue among sampled areas in CAPI during the dry and rainy seasons. Water temperature, pH, electric conductivity, and dissolved oxygen presented their highest values in JACU during the rainy season (Fig. 1) .
The substrate was predominantly sandy in all sampled environments. Aquatic macrophytes were present at all collection sites, with the exception of ASSE. For all sites sampled, current speeds were lower than 0.6 m/s; at CABE it was practically stagnant ( Table 1 ). The riverbanks outside the PNE area had scanty riparian vegetation, specially in the Sucuriú River, while in various stretches of the park (RUIM and JACU) the margins showed a siltation process due to agricultural and cattle raising activities in the adjacent areas.
Ichthyofauna collections resulted in the capture of 4,740 specimens: 32% were caught during the dry period and 68% during the rainy one. Specimens were distributed in 22 species, out of which 15 (68%) were only generically identified (Table 2) .
In ARA, the highest captures were reported during the dry (78.3%) and rainy (91.9%) seasons. In PNE and SUC, specimen capture was highest during the dry, with 16.4% and 5.3%, respectively.
The order Characiformes had the highest numerical representation (95%) and species (70.8%) in capture. It was followed by the orders Cyprinodontiformes (4.3%) in number of individuals and Siluriformes (20.8%) in species number.
During the two sampling seasons, the most abundant species in ARA were Astyanax sp. 2 and Hasemania sp. (Fig. 2) . In SUC and PNE, Astyanax scabripinnis cf. paranae and Hoplias aff. malabaricus were the most frequent species. Leporinus cf. paranensis was among the most abundant from captures in PNE for both seasons, and Rivulus pictus was abundant only in the rainy season. Synbranchus sp. 2 had its highest captures in SUC in the rainy season.
Astyanax scabripinnis cf. paranae was the most abundant (frequency higher than 60%) among the captures at all the collection sites within PNE (Fig.  3) during the dry season. The Água Ruim Stream was the exception, since only Characidium aff. zebra and Rivulus pictus were found. Rivulus pictus was also reported in BURI with less than 33% frequency. In fact, it was the sole species captured in BURI during the rainy season, and it was also reported in RUIM and JACU. Astyanax scabripinnis cf. paranae was the most frequent species in JACU and FORM, with a frequency lower than that reported in the dry period (49.2% and 59.2%, respectively). R. pictus (14.6%), L. paranensis (9.7%), and H. aff. malabaricus (9.7%) were the most frequent species in PNE during the rainy season. The largest number of species and diversity indices were reported for ARA. Diversity and equitability were higher in PNE during the wet season and lower than SUC during the dry one. In SUC the wet season also coincided with the highest species equitability (Fig. 4) . Axes E1 and E2 of PCA solved 85% of variance (Fig. 5) . Axis E1 showed species richness, while axis E2 grouped at its extremities the stations with the highest abundance of individuals. ARA was the most distinct sampled environment both in the dry and the flooding season. Thirteen out of the 14 species captured in ARA during the dry season were exclusive to this environment. Eleven out of 15 species only occurred in this environment during the rainy period. Environments PNE and SUC were similar with regard to species composition and abundance. SUC was, however, the poorest in all parameters of the fish communities.
Multiple correlation coefficients, which correspond to maximum correlation of axes E1 and E2 with environmental variables (Table 3) , were high for water temperature, dissolved oxygen, and conductivity (higher than 65% of correlation). These values, however, were not significant at 0.05.
DISCUSSION
The intense degradation in the cerrado allied to the high speed at which many habitats are being lost within this bioma makes rapid ichthyofaunistical surveys an urgent matter. In the region of Emas National Park, the ichthyofauna has never up to now been systematically studied. Thus, even a brief assessment covering two distinct seasons (rainy and dry) represents an important contribution.
The neotropical regions are known to harbor a diverse fauna of fishes (Lowe-McConnell, 1991) . From the data obtained, the Characiformes were the most common order, whether in individuals or species. Other studies have raised Characiformes and Siluriformes to dominant in species, specimens, and biomass in Brazilian rivers (Britski, 1992; Godinho, 1993) . The order Cyprinodontiformes was the second most abundant in PNE in number of individuals. Thus, the Characidae Astyanax scabripinnis cf. paranae was the most abundant among the 22 species captured, and Rivulus pictus the most abundant during the rainy period, which could be due to its seasonal life cycle (Bastos, 1979) . There is at least another species from the Rivulidae family in PNE, the endemic Simpsonichthys parallelus, recently described by Costa (2000) , which was not captured in this survey. Species distribution is related to dispersion limitations (access of species to a certain area), behavior (habitat selection) species interactions (predation, parasitism, competition, and disease), and to physical (temperature, light, etc.) and chemical (oxygen, salinity, pH, nutrients, etc.) factors (Ojeda & Dearborn, 1989; Chittenden et al., 1993) . Angermeier & Karr (1983) stated that food availability, intense predation, and species tolerance range to physical and chemical conditions generally impose conflicting selective pressures on environmental use by individuals, and also regulate species abundance. Thus, H. aff. malabaricus is a highly successful piscivorous species in PNE and SUCU. High prey availability, mainly represented by A. scabripinnis cf. paranae and even by juveniles of the same species, and watercourse traits such as transparence and low speed, explain the success of this predator in its environmental use.
On the other hand, according to information collected from natives of the region, H. aff. malabaricus was introduced into the Sucuriú River and the PNE region during the 1960s. The H. aff. malabaricus food habits were important in building a simplified food chain model, which probably led towards the disappearance of other species that would have existed in the area.
Although theoretical information on diversity indexes has been highly criticized (Statzner, 1981; Hughes & Noss, 1992) , diversity measures are useful in evaluating both habitat availability and environmental conditions. In fact, they contribute to understanding certain aspects of a community's structure. Variability estimates are useful as monitoring tools (Keefe & Bergersen, 1977) , while the ShannonWinner index, together with richness and equitability indexes, help in the analysis of a community's structural components and by describing qualitative differences. This index is more richness-sensitive (Solow, 1993) as well as sensitive to abundance of rare species (Krebs, 1989) , independently of any hypothetical distribution, such as log normal and logarithmic series (Krebs, 1986) . In addition, it is related to entropy (Hutcheson, 1970) , i.e., to the measurement of order (or disorder) in the community.
The diversity (H') was highest in PNE and ARA during the wet season, as well as the number of species in all systems. The capture of rivulid and Synbranchiformes specimens during the wet period was facilitated by the sampling methods used. In fact, the fish bury themselves in the mud during the dry season (Bastos, 1979) . During the wet season fish presumably emerge and seek refuge or are easy prey to vertebrate predators, even though the number of individuals captured during this period is greater.
Coordinates b1 and b2 values on axes E1 and E2 and the variables water temperature, conductivity, and transparence had opposite projections from those of pH and dissolved oxygen. Since pH was very close to 0 for E1, the influence of this variable was low for species richness in the analyzed environments. Further, PNE and SUCU ichthyofauna were more similar between them than to ARA in the two collection periods, both in occurrence and species abundance.
This results had in fact been expected since the first two environments have tributaries originating in the Plata Basin, while the Araguaia River belongs to the Tocantins Basin. Although the sampled environments are headwater rivers, PNE and SUCU have low species richness, which suggests the existence of natural barriers nearby that make Bazzoli et al. (1991) who observed that the transformation of Brazilian rivers into a series of artificial lakes is occurring much faster than necessary and prior to any adequate biological and ecological investigation of aquatic fauna. Taking into account the possible endemism of ichthyofauna and its unexplored scientific characteristics, it is imperative that: (1) environmental use, whether for hydroelectric energy production or agriculture in the region must await establishment of management plans; and (2) the headwaters of the Sucuriú and Araguaia rivers become legally protected areas. But management will only be possible if more surveys, as well as detailed ecological studies have been undertaken. These studies must aim to clarify problems related to the function and structure of ecosystems. Otherwise, because of shortsighted economic purposes an irreplaceable biological heritage will be lost in a region of great importance which is the Brazilian Cerrado.
